We consider a spin model for applications to oil-water -amphiphilic-surfactant mixtures near the region where those phases coexist. We analyze this model assuming that oil and water molecules cannot be treated symmetrically, given that they do exhibit different chemical potentials. Using a mean-field approximation, we find that the modulated phase assumes two possible arrangements, such as sheets (lamellar phase) or rods (hexagonal phase). Due to fluctuations, the lamellar phase is present when the difference between the chemical potential of oil 
I. INTRGDUCTION
Systems of oil, water, and amphiphilic surfactant exhibit many interesting properties both from the practical and from the theoretical point of view. This made them subject to a great deal of experimental and theoretical studies [1] .
The experimental observations can be summarized. as follows [2] . At low temperatures, on mixing oil, water, and a surfactant, one finds that, besides the oil-rich and water-rich phases (phases where water and oil do not mix), the system also exhibits an isotropic phase where oil regions and water regions are separated. by layers of amphiphilic molecules. This phase, called microemulsion, exhibits nonmonotonically decaying correlation functions, and it can be identified as a structured
Quid which is homogeneous on large length scales, but remains heterogeneous over small length scales [3] .
For a large concentration of surfactant, a transition from the disordered structured phase to an ordered structured phase is observed. This modulated phase can have many dieerent kind of arrangements, such as lamellar (sheets of amphiphiles separating oil-rich &om water-rich regions) or hexagonal (rods of amphiphiles separating oilrich from water-rich regions) phases [2] .
At high temperatures and. small concentrations of surfactant, the usual disord. ered. Quid is separated kom the disordered structured Quid, the microemulsion, by a Lifshitz line. This line is quite interesting for itself, since it is the locus where the peak of the water-water correlation function moves away IIj. . om zero wave vector without a phase transition [4] . Figure 1 illustrates, in schematic form, the phase diagram [1] .
In some specific systems, as one proceeds from the phase where oil and water coexist to the microemulsion region, a state where those three phases coexist is found.
It is the so called Winsor III state [4] . This state is quite controversial. It is also called a bicontinuous phase, since it exhibits a sudden increase in the magnitude of its electrical cond. uctivity. In some systems, a sharp variation in its dielectric behavior and in its viscosity, as the temperature reaches a limit, is also observed [5] . The oil-watermicroemulsion coexisting region exhibits also an ultralow surface tension betw'een those phases [6] . Even Fig. 3 ).
Including Quctuations, one finds that the transition from the disordered to the modulated phase is actually first order. This result was obtained both in the lattice model [13 -15] and in its continuous version [16, 17] [7] and generalized by Upton and Yeomans [12] , the space configuration is divided into cubes. These cubes are linked by oil (AA), water (BB), or amphiphilic (AB) molecules (see Fig. 2 ). This is done with the con- . This is the case if the phase separation between the microemulsion and ordered. structured phase becomes critical when the critical wave vector vanishes [18 -20] .
In We then check the above results against fluctuations. Using a harmonic approximation and a diagrammatic expansion, we show that the transition between the disordered phase and the modulated phase is first order for zero and nonzero external fields [16, 17] . In the presence of a small external field, 6 & hq, the transition between the disordered and the ordered structured phases is first order. The modulated phase, in that case, is always lamellar [see Fig. 6(a) This Hamiltonian describes a microemulsion system as follows [7] . Let us assume a configuration space, divided into cubes. Each cube is occupied by oil (AA), water (HH), and amphiphilic (AH) inolecules subject to the constraint that only like ends of different molecules can occupy the same cube (see Fig. 2 oil-coherent and water-coherent regions. This is done by introducing positive interaction energy terms (V, j (see Fig. 2 ). We will assume that Vi 
kgT r(q) = k~T kBTmo, u = 2k~T.
Analyzing the &ee energy Eq. (6) and Eq. (7), one finds that the disordered phase is separated from the ordered. phase by a critical surface specified by k~T = max(J(q)(1 -m2e)), where q specifies the critical wave vector. Now, if 1-12~) 0 (here we are assuming that v = Ki --v2/2), the critical wave vector is zero and the ordered phase is ferromagnetic. has to be added to Eq. (12) in order to make the lamellar phase stable. In that case, at high temperatures, the disordered phase coexists with the lamellar phase and the hexagonal phase is not present. At 6 = hq, the three phases meet at a triple point [see Fig. 5(b) ]. Varying the critical wave vector, one verifies that, as q~0, the region where the hexagonal phase is present disappears. The phase diagram, displayed in terms of the temperature related parameter r(0) oc k~T/J, external field h, and the parameter~, is shown in Fig. 5(a) . Figure 5(b) shows the same diagram for h, = 0.
In summary, the introduction of an external field and the inclusion of noncritical modes have two major eKects: the modulated-disorder phase transition changes from continuous to first order and a new modulated phase, the hexagonal phase, is created. (18) where J(q) is the Fourier transform of J(r -ri).
III. FLUCTUATION EFPECTS
Now, due to the presence of an external Beld, even in the paramagnetic phase a nonzero magnetization mo is present. Thus it seems natural to shift the spin variables where terms like (@(qi)@(qz)g(qs)) are of lower order [16] . Now one needs to compute (Q(qi)g( -qi + q)). Since the minimum of r is obtained at q = q" the field amplitudes with q = q, increase fast when r/q, -+ 0 and, consequently, the mean square of Buctuations to first order in a loop expansion is given by and they enter in all order in the loop expansion. In order to take them into account, we will assume that Now the expression (@(qi)g( -qi + q)) must be found to all orders in loop expansion.
We, however, are basically interested in the region in which the corrections for the correlations (g(q)i/)( -q)) and for (@(q)@( -q)vP(qi)vP( -qi)) first become important. This occurs for the one-loop contribution in Eq. (24) 
